n d i t i s f e l t t h at i t w i l l b e o n e o f t h e m ain tech n ol ogi es t o dr i v e a l m os t al l f unction s i n t h e d ecad e ahead [3 ] . os t of t he d efects an d f a i l u r e s i np r e s e n t d ay i nt egr at ed ci r cui t s can be a b s t r a c t e dt o s h o r t s a n d o p en s i n t h e i n t e r c o n n ects an d d egrad at i on of dev ices [4 ] . r a n s i s t o rl e v el sh o r t s and o p en s m odel m any o f t h e p h y s i c a l f a i l u r e sa n d d efects in IC s [ 5 ] . s t u d y b y a i l i a y [ 6 ]
on 4-bi t O S m i c r o p r o c e s s o r c h i p s r e v ealed th at m any o f t h e f a u l t s w ere sh o r t s a n d o p en s at t het r a n s i s t o r l e v el. n al ys i so f f a u l t s i n e l e m ent a r ys t a t i cs t o r a g ee l e m en t ss u g g e s t t h at t r a n s i s
t o rl e v e lt e s t i n g p r o v i d es a h i g h er cov er age of f aul t s c o m p a r e d t ot h at at t he gat e l evel [ ] . h u s , i t i s n e c e s s a r yt os t u d y t h e e ects of failu r e s a t t h et r a n s i s t o r l e v el an d d ev elop
accu r a t ef a u l t m odels at th i s l e v el [ 5 ] .
h e m a j or f aul t m ode l s a t t r a n s i s t o r l e v e l a r es t u ck -a tf a u l t s , a n d s h o r t s a n d o p en s o f t r a n s i s t o r sa n d i n t e r c o n n ects [8 ] . I t h as beensh ow n [ 9 , 1 0 , 1 1 , 1 2 ,
3 ] t h at t hes t u ck -a t m odel d oes not cover m any o f t h e m anuf a c t u r i n g d efects in B i CO S d ev ices an d t h at m os t open f a u l t s m ani f e s t t h em s e l v es as del ay f aul t s . n al ys i so nt h e e ects of b r i d gi ng f a u l t s i n B i C -O S i s g i v e n i n [ 4 , 5 ] . m erged B i CO S c i r c u i t c o n gur a t i o nt oi m p r o v e B i CO S gat e
perform ance at l ows uppl y v ol t age i s pr e s e n t e d i n [ 1 6 ] . eferen ce [13 ] p r e s e n t st e s t a b i l i t y a n al -
ys i sa n d f a u l t m ode l i n g o f B i CO S c i r c u i t s i n w h i c h t h e b eh avi o r o f B i CO S u n d er fau l t s i s com p ar ed w i t h CO S . h e m os t com m on t ype o f B i CO S c i r c u i t s e m p l o y b i p ol ar t r ans i st o r st op erform t h e f u n ctionof d r i v i n g o u t p u t l oads a n d C O S t o p erform l ogi c f unction s . I n t h i s p aper, w e b r i e y r e v iewth e o p er at i on of a s i ngl e B ( S -B ) a n d d oubl e B (-B ) B i CO S d ev ice. S i n ce B i CO S tech n ol ogy com bi n es th e a d v ant ages of bot h C O S and b i p ol ar , w e c o m p ar e t he f a u l t y b eh avi o r o f B i CO S w i t h CO S a n d b i p ol ar ( ) .
i g u r e1 : n S -B B i CO S . . -S i n gl e B B i CO S r e a l i z a t i o n i s s h ow n i n i g u r e 1 . h e f u n ction i n g o f t h e B i CO S can b e e x p l a i n ed b y r s t a p p l y i n g l ogi c`0' t o one o r b ot h of t he i n p u t s w h i c h w oul d c a u s e at l eas t one -d ev i c e t o b e O and a t l e a s t o n e -d ev i c e i n e a c h s e r i a l i g u r e2 :
s t u ck -o p en fau l t m ani f e s t i n g i n e n h anced d y n am i c I DD i s p r e s e n t e dw h i ch can be d etected u s i n gI DDQ m oni t o r i n g. e s t a b i l i t y a s p ects of B i CO S d ev ices are also p r e s e n t e d . h i s p aper i s or gani z e d a s f o l l o w s . h e o p eration of b as i c S-B and -B B i CO S d ev ices are d escrib ed in section 2. S ection 3 d eals w i t h d el ay m easu r e m ent s . S ection s 4 a n d 5 d eal w i t h t h e a n al ys i s o f p h y s i c a l f a i l u r e s i nS -
gener al S-B B i CO S d ev i c e -p a i r s t ob e O . i t h t h e -d ev ices ( 1 and or 2 ) O , t h e b as e of t he b i p ol ar t r a n s i s t o r w oul d b e a b out 5 s u p p l y i n g b as e cur r e n t a n d t u r n i n g O t h e b i p ol ar t r ans i s t o r
( 1 ) p r o v i d i n g l ogi c`1' at t he o u t p u t . i t h e i t h er of th e i n p u t s b ein g at l ogi c`0' and t h e ot her in p u t at l ogi c`1' w oul d s t i l l c a u s ee i t h er of th e p ar al l el connected -d ev ices to b e O and e i t h er of th e s e r i e s c o n n ected -d ev ices to b e O . h i s w oul d s t i l l s u p p l y b as e cur r e n t t ot h e b i p ol ar t r ans i s t o rc a u s i n g l ogi c`1' at t he o u t p u t . i t h b ot h t he i n p u t s at l ogi c`1' , t he -d ev ices ( 1 and 2 ) w oul d b e t u r n ed O , a n d t h e-d ev ices 1 , 2 , 3 and 4 w oul d b e t u r n edO cau s i n g a c o n d u c t i o n p at h f r omout p u t n ode t o g r o u n d .h i s w i l l c a u s et h e o u t p u t t ob e a l ogi c`0' . hus t h e c i r c u i t r e a l i z e s t h e f u n ction . B l o c k d i agr amof a general S -B B i CO S d ev i c e i s s h ow n i n i g u r e2 . n S -B B i CO S gat e cons i s t s o f C O S p -a n d n -p a r t s t op erform l ogi c f unction , a n d a B and a p u l l -d ow n n -p ar t f or dr i v i n g t h e out p u t n ode.
S -B B i CO S d ev ices d o n ot have t h e f u l l DD t o r o u n d l ogi c s w i n g o f C O S d ev ices. h e o u t p u t i g h v ol t age ( ) i s l i m i t e d t o DD -(Q1)
. ow ev er, out p u t owvol t age ( ) i s 0. h e Col t age t r ansfer ch a r a c t e r i s t i c ss h ow n i ni g u r e3o faB i CO S i n v e r t e rw as ex am i n ed to d eterm i n e t h e l ogi c l evels [12 ] .
ax and n w ere d eterm i n ed to b e 1 . 5 and 1 . 9r e s p ectiv ely , b y n d i n g t h e o t -1 p oi nt s[ 1 , 1 8 ] o n t h e v ol t age cha r a c t e r i s t i c s .
I tc a n b e seenfrom i g u r e3t h at a x i s 4. 4 ( DD -(Q1) ) a n d n i s 0. h e l ogi c l e v el s f or B i CO S a r e 0 t o 1 . . -oubl e B B i CO S r e a l i z a t i o n i s s h ow n i n i g u r e 5 . h e f u n ction i n g o f t h e B i CO S can b e e x p l a i n ed b y r s t a p p l y i n g l ogi c`0' t o one o r b ot h of t he i n p u t s w h i c h w oul d c a u s e at l eas t one -d ev i c e t o b e O and a t l e a s t o n e -d ev i c e i n e a c h s e r i a l -p a i r st ob e O .i t h a t l e a s t o n e -d ev i c e i n e a c h s e r i a l -p ai r s bein g O , n o c u r r e n t i s s u p p l i e d t o t h e b as e of 2 r e s u l t i n gi nt r a n s i s t o r 2 b ein g O .i t h t h e -d ev ices ( 1 and or 2 ) O , t h e b as e of t he b i p ol ar ( 1 ) t r a n s i s t o r w oul d b e a b out 5 s u p p l y i n g b as e cur r e n t a n d t u r n i n g O t h e b i p ol ar t r ans i s t o r ( 1 ) p r o v i d i n g l ogi c`1' at t he o u t p u t .
i t h er of th e i n p u t sb ein g at l ogi c`0' and t h e o t h er in p u t at l ogi c`1' w oul d s t i l l c a u s ee i t h er of t he p ar al l el connected -d ev ices to b e O and e i t h er of th e s e r i e s c o n n ected -d ev ices to b e O . h i s w oul d s t i l l s u p p l y b as e cur r e n t t o t h e b i p ol ar t r ans i s t o r 1 cau s i n g l ogi c`1' at t he o u t p u t . i t h b ot h t he i n p u t s at l ogi c`1' , t he -d ev ices ( 1 and 2 ) w oul d b e t u r n ed O , a n d t h e-d ev ices 1 , 2 , 3 and 4 w oul d b e t u r n ed O , s u p p l y i n g b as e cur r e n t t o 2 w h i c h d i s c h ar ges t he l oad. r a n s i s t o r 1 and 2 dr a w c u r r e n t f r o m t h e b as e of 1 t h u s i g u r e6 :
r a p i d l y t u r n i n g t h i s d ev i c e O . h i s w i l l c a u s et h e o u t p u t t o b e a l ogi c`0' . hus t h e c i r c u i t r e a l i z e s t h e f u n ction . I tm ay be n ot ed t hat dur i n g o u t p u t i g h t o o w t r a n s i t i o n , t r a n s i s t o r t u r n s O as a r es ul to f t r a n s i s t o r s 1 and 2 di s c h ar gi ng 1 base, cau s i n g t h e gat e of t ob e l ow [ 20 ] , t h i sr e s u l t s i n a l l t h e c u r r e n t t h r o u gh 3 and 4 t ob e p r o v i d edas b as e cur r e n tt ot r a n s i s t o r 2 . u r i n g o u t p u t ow t o i g h t r a n s i t i o n , t r a n s i s t o r t u r n s O t od i s c h ar ge t he b as e of 2 ui c k l y t os p eed u p t h et r a n s i t i o n . I t m a y a l s o b e n ot ed t hat t he s t a t i cp ow er con s u m p t i on of t he c i r c u i t i s n e g l i g i b l e n eglectin g r e v e r s eb i a s e d l e a k age cur r e n t s . . en ce, th e v ol t age cha r a c t e r i s t i c sn eedto b e car ef ul l y a n al yzed t od eterm i n e t h e s w i t c h i n g t h r e s h ol d f or t he p u r p os e of del ay m easu r e m en t s .
S w i t c h i n g t h r e s h ol d i s determ i n ed by p l o t t i n g n and i d en t i f y i n g t h e i n t e r s e c t i o no f t h i s l i n e o n t h e v ol t age cha r a c t e r i s t i c s [ 2 2 ] . h e s w i t c h i n g t h r e s h ol d f or t he gat es us e di n t h i s s t u d y i s d eterm i n ed f r omt he C v ol t age t r ansfer ch a r a c t e r i s t i c st ob e 1 . 9 f o r S -B B i CO S , 2 . 5 f o r -B B i CO S a n d 2 . 6 5f o r CO S [ 1 2 ] .
I fd el ay m easu r e m ent f or B i CO S d ev ices is d one s i m i l a r t o t h at f or C O S d ev i c e s , i . e . , f r o m t h e t i m e i n p u t t oag a t e c r o s s e s 0 . 5 DD t ot h e t i m e w h en th e f a l l i n g ( r i s i n g) out p u t c r o s s e s0 . 5 DD . o r f a l l i n g o u t p u t s , t h e o u t p u t l ogi c l evel cannot be t e r m ed as`0' l ogi c l evel at 0. 5 DD . A n as i so s i c a a iu rs i n i i cs I n t h i s s e c t i o n , t h e r e s p ons eo ft h e S -B B i CO S i s e v al ua t e d f o r h ar d f ai l ur e so ft h e b i p ol ar and O S t r a n s i s t o r s . o s s i b l e f a i l u r e sc o n s i d eredare stu ck -O s ,a n d s t u ck -O s o f t r a n s i s t o r s . h e o u t p u t o f t h e B i CO S gat e i s exam i n edb y s i m u l a t i n g o n e f a i l u r ea tat i m e f o r a l l p o s s i b l es t u ck -Oands t u ck -O f a i l u r e so f a l l t h et r a n s i s t o r s . S t u ck -Of a u l t s a n d s t u ck -O f a u l t s w ere sim u l a t e d b y t u r n i n g O and t u r n i n g Ot h ec o r r e s p ondi n gt r a ns i s t o r s . O p en (O ) i n b i p ol ar t r ans i s t o rt e r m i n al s ( em i t t e r , b as e collector) w ere sim u l a t e d b y c o n n ectin g a r e s i s t a n ce of 1 i n s e r i e sw i t h t h e r e s p ectiv e n ode a n d s h or t ( S ) w ere s i m u l a t e d b y c o n n ectin g a h ar d s hor t of 0. 01 betw een the r e s p ectiv e t e r m i n al s . he B i C -O S gat e out p u t so b t a i n ed an al yt i c a l l y h ave b eencom p ar ed w i t h S I C s i m u l at i on out p u t s t oe n s u re correctn e s s .
h e f a u l t -f r e e a n d f a u l t y b eh avi o r ( S t u ck -O and S h or t f aul t s ) o f B i CO S ar e s u m m a r i z e d i n abl e 1 a n d S t u ck -O f a u l t s a r e s u m m a r i z e d i n abl e 2 . h e l e n gt h and w i d t h of p O S (, ) a n d n O S ( n , n ) t r a n s i s t o r s u s ed f or B i CO S d ev ices in i g u r e 8: S-B B i CO S w i t h CO S i n v er t er l oad and d r i v er S i m u l t a n eou s c u r r e n t m oni t o r i n g w as perform ed d u r i n g S I C s i m u l at i on and t h e o b s e r v ed I DDQ val ue sa r el i s t e di nt h e abl e s a l o n g w i t h t h e o u t p u t l ogi c l evel s. I n abl e s 1 a n d2, t h e s u b s c r i p t r e p r e s e n t st h et r a n s i s t o rn u m b er for th e B i CO S c i r c u i t s h ow n i ni g u r e1a n d s u p e r s c r i p t r e p r e s e n t st h e t 
n d i c a t e st r a n s i s t o rc o l l e c t o rt oe m i t t e rs h o r t .
I n or der to m ake t h e a n al ys i sat r u e r e p r e s e n t a
t i v e o f c i r c u i t c o n d i t i o n s , C O S i n v e r t e r s w ere u s e d t od r i v e t h e B i CO S d ev i c e a n d CO S i n v e r t e r sw ere u s ed as l oads t o t h e B i CO S d ev i c e a s s h ow n i n i g u r e8
. h e d i m en s i o n s o f p O S a n d n O S t r a n s i s t o r su s e da sC O S d r i v er d ev ices inth i ss t u d y a r e ( 5 , 60 ) a n d ( n 5 , n 20 ) r e s p ectiv el y .
he sizes for th e C O S l oad dev ices u s e d a r e( 5 , 40 ) a n d ( n 5 , n 15 ) .
os t u d y t h e e ects of ou t p u t f a n -o u t o n B i CO S d ev ices, an al ys i sw as conducted w i t h o n e CO S l oad al one a n d a l s o w i t h a n C( e s i s t o rC apaci t or ) l oad al ong w i t h a CO S l oad as s h ow n i n i g u r e8 . 100 and C 1p w ere ch os en f or t hi ss t u d y a n d C l o a dr e f e r r e dt o h en c e f o r t hi nt h i s p ape rr e f e r st ot h e a b ove v al ues.
.
--S t u ck -O f a u l t s i n S -B
B i CO S gene r a l l yr e s u l t i n a f a u l t -f r ee l ogi c l evel, fau l t y l ogi c l evel or in d eterm i n at e l ogi c l evel.
ow ev er, in all th e cases, it resu l t s i n e n h anced I DDQ .
eferrin g t o t h e S -B B i CO S s h ow n i n i g u r e 1, f or t he p h y s i c a l f a i l u r e 1 , t h e d ev i c e b eh aves sim i l ar t o f aul t -f r ee gat e f or al l i nput v e c t o r se x cep t f o r i n p u t v ect or`11' .
I n p u t v ect or`11' caus e s a l l t h e -d ev ices to b e O p r o v i d i n g a c o n d u ction p at h f r om , w h i c h i s a n i n d eterm i n at e ( I) v ol t age l evel f or B i CO S d ev ices. t a r s t gl ance, on e w oul d e x p ect th e out p u t v ol t age l evel to b e t h e s a m e f o r 1 and 2 . O n car ef ul a n al ys i s , i tc a nb e seen t h at t he c h anne lr e s i s t a n ce w i l l b e d i eren t d u e t o t h e n on-l i n ear ch a r a c t e r i s t i c so f t h e n O S t r a n s i s t o rf o rt h e i n d i v i d u a l s t u ck -Of a i l u r e s 1 and 2 , l e a d i n g t o t h e d i eren t o u t p u t v ol t age l evel s.
DD t o ( n d ) , r e s u l t i n g i n e n h anced I DDQ . he c u r r e n t d r a w n b y t h e d ev i c e w i t h t h i s v ector f o r t h e f a u l t u n d er con s i d er at i on i s 2m i n s t e a do f t h e n or m al 0. 2 . C u r r e n t t e s t i n g tech n i u e can be e m p l o y ed to d etect th i s f a u l t . s i m i l a r r e s u l t i s o b s e r v e d f o rt r a n s i s t o r 2 s t u ck -O f a u l t ( 2 ) . S I C s i m u l a t i o n i n d i c a t e s t h e o u t p u t v ol t age l evel
St u ck -Of a i l u r e so ft r a n s i s t o r s 3 and 4 w oul d r e s u l t i n e n h ancedI DDQ f o r i n p u t v e c t o r s 01 1 0r e s p ectiv el y . ow ev er, th e f a u l t -f r e e a n d f a u l t y o u t p u t i s l ogi c`1' f or i nput v e c t o r s 01, 10 and 11. Si n ce fau l t -f r e e a n d f a u l t y l ogi c l evel i s the s a m e, cu r r e n tt e s t i n g a l o n e c a n d etect th e f a i l u r e s . r a n s i s t o r 1 and 1 s h o r t s a l s or e s u l t i n e n h anced I DDQ and c a u s e a f a u l t y o u t p u t l ogi c l eve l 1 ' f o r i n p u t v ect or 11. r a n s i s t o r 1 r e s u l t s
i n d el ay f aul t s f o r out p u t ow t o i g ht r a n s i t i o n s a s t h e b as e t o em i t t e rj u n ction d oes not get f or w ar d bi a s e d
and h en ce th et r a n s i s t o rd oes not get t ur n edO . h e ow t o i g h t r a n s i t i o n el ay obs e r v ed f o r t r a n s i s t o r 1 s h or t w i t h C o u t p u t l oad i s 2. 08ns c o m p a r e dt ot h e f a u l t -f r e e d el ay of 0. 90ns .
C u r r e n tt e s t i n g can be v erye ectiv ef o rt e s t i n g f a i l u r e sw h i c h r e s u l t i n e l e v at ed I DDQ f r o m a n or m al 0. 2 t oe n h anced 2m , a n i n crease b y a f act or of 10 4 . C onven t i o n al l ogi c t e s t i n g c a n n ot be u s e dt od etect stu ck -O f a i l u r e 2 as t he f a i l u r ee x h i b i t s i n d eterm i n at e out p u t . ow ever, cur r e n tt e s t i n g can detect th e a b oves t u ck -O f a i l u r e s . S i n c es t u ck -O f a i l u r e s 1 , 2 , 1 , 3 and 4 pr o v i d e s a m e l ogi c l evel for fau l t y a s w ell as fau l tf r e e o p er at i ons , c u r r e n tt e s t i n g a l o n e can detect th e f a i l u r e s . C onven t i o n al l ogi c t es t i ng c a n d etect th e f a i l u r e s 1 and 1 as t he l ogi c out p u t i s d i eren t f or f aul t -f r e e a n d f a u l t y oper at i ons , h ow ev er, cur r e n tt e s t i n g w oul d d etect th i s f a i l u r em ode. el ay f aul t c a u s e db y t r a n s i s t o r 1 can b e d etected b y d e l a yt e s t . 
0 01 n 1 n 1 n 1 n 1 n 1 n 1 n 1 a 1 a 1 n 1 a 1 a 1 n1 n 0 11 n 1 n 1 n 1 a 1 n 1 a 1 n 1 n 1 n 1 n 0 a 0 a 1 n1 n 1 01 n 1 n 1 n 1 n I a 1 n 1 a0 a 0 a 1 n 1 n 1 n 1 n1 n 1 10 n 0 a 0 a 0 n 0 n 0 n 0 n 0 n I a 1 a 0 n 1 a 1 a1 a
0 01 a 1 n 1 n 1 n 1 n 1 n 1 a 1 n 1 n 1 n 1 n 1 n 1 n 0 1 n 0 10 a 1 a 1 a 1 a 1 n 1 n 1 a1 a 1 a 1 a 1 n 1 n 1 n 0 1 n 1 01 n 1 n 1 n I a 0 a 1 n 1 n 1 n 1 n 1 a1 a 1 n 1 n 0 1 n 1 11 a 0 n 1 a 1 a 0 n 1 a 1 a 0 n 1 a 1 a 0 n 1 a 1 a0 n s -O f a i l u r e s o f t r a n s i s t o r s 1 and 2 ex h i b i t u n iu e d el ay f aul t s . r s t gl ance w oul d l e a d o n e t o e x p ect th at w i t h i n p u t v ect or s 11, t he o u t p u t p ar as i t i c capaci t ance w oul d b e d i s c h ar ged by t u r n i n g O of t r a n s i s t o r s 3 and 4 . ow ev er, d u e t o t h e o p en fau l t o f t r a n s i s t o r 1 or 2 under con s i d er at i on, t h e v ect or s 00, 01 or 10 w oul d c h ar ge up t h e p ar as i t i c capaci t or s at t he b as e as w ell as th e e m i t t e rn odes of th e b i p ol ar t r ans i s t o r s . i t h t h e a p p l i c a t i o n o f i n p u t v e c t o r1 1 , t h e s e r i e s p at h of 3 and 4 w i l l b e t u r n ed O b u t t h e s e r i e sp at h of 1 and 2 w i l l n ot be t u r n ed on due t o t h e f a u l t . h i s w i l l c a u s et r a n s i s t o r 1 t or e m ai n O f o r s o m etim e b ecau s eo f t h e c h a r g es t o r e da tt h e b as e of t he b i p ol ar t r ans i s t o r . r a n s i s t o r 1 w oul d b e d i s c h ar ged s l ow l y t h r o u gh t he O r e s i s t a n ce of 3 and 4 al one cau s i n g d elay in th e o u t p u t r e s p ons e . h e s l o w t o f a l l d el ay f aul t i s s h ow n i n i g u r e 9a, b
c. h i s t y p e o f f a u l t h as been ob s e r v e d i n [ 9 ] f o r a d i eren t i m p l e m en t a t i o no f aB i CO S . i g u r e s9 a b s h ow t he r e s p ons eo f t h e B i CO S t o 1 f a i l u r ew i t h o n e C O S
l oad and w i t h C l o a dr e s p ectiv ely . i g u r e9 as h ow s t h e r e s p ons e of B i CO S t o 1 w i t h o n l y o n e C O S l oad connected to th e B i CO S o u t p u t . h e i n p u t ss h ow n i n t h i s gur e ar e t he i n p u t sa p p l i e d t o t h e B i CO S and t h e i n p u t p u l s e w i d t h( ) i s 1 0 n s w i d e. h e r e s p ons eo f t h e B i CO S w i t h 1 f a u l t w i t h i n p u t 10ns s h ow s s l o w t of a l l d el ay ( 2 ) o f . 2 n s i n s t e a do f t h e n or m al pr o p agat i on del ay ( 1 ) o f 0 . 6 n s . esp ons e of B i CO S o u t p u t w i t h C l oad s how n i n i g u r e 9b caus e s i g h t o o w t r a n s i t i o nd elay f o r b ot h f aul t -f r e e a n d 1 r e s p ons e , d u e t o h i g h er fan -o u t . ere, th e o u t p u t l e v el bar el y r eaches th e l ogi c`0' l evel. I ts h oul d b e n oticed th at i f t he c l o c k p eriod is sm a l l , t h e v ol t age at t he o u t p u t w i l l b e i n t h e i n d eterm i n at e r ange or w i l l n ot dr o pb el ow va l i d 1 ' r a n ge. he r e s p ons eo f t h e B i CO S w i t h 1 f a u l t w i t h 10ns a n d w i t h C l oad s how s s l o w t of a l l d el ay ( 2 ) o f . 9 n s i n s t e a d o ft h e n or m al pr o p agat i on del ay ( 1 ) of 1. 835ns . i g u r e9 c s h ow s t h e r e s p ons ew i t h i n p u t 4ns , w h ere th e f a u l t y o u t p u t d oes not have t i m e e n ough t o go bel ow l ogi c`1' r ange. he r e s p ons eo f t h e f a u l t -f r e e B i CO S w i t h i n p u t 4ns
gi ves a p r o p agat i on del ay of 1. 835ns . or t he s -O f a i l u r e so ft r a n s i s t o r s 3 and 4 w i t h i n p u t v ect or 11, t here is n o c o n d u ct i on pat h f or t he c h a r g es t o r e di nt h e o u t p u t p ar as i t i c capaci t ances to b e d i s c h ar ged. i t h t h e i n p u t v ect or of 11, t r ans i s t o r s 1 and 2 t u r nO and r e s u l t s i n a v ol t age cl os e t o 0 at 
B i p ol ar t r ans i s t o re m i t t e ra n d b as e s -O f a u l t s m ani f e s ta ss t u ck -a t -0 a f t e r i n i t i a l i z a t i o n
( s h ow n a s i n abl e 2) . I tc a n b e seen th at w i t h e i t h er of th e a b ove f a u l t s , o u t p u t c a n n ot go t o l ogi c`1' ( ot her th an dur i n g p ow er u p ) a s n o p at h exi s t sb etw een out p u t a n d DD . i t h collector op en , t h e o u t p u t e x h i b i t s ow t o i g ht r a n s i t i o nd el ay ( 01 ) a s s h ow n i ni g u r e s 10a, b c. i g u r e1 0 as h ow s t h e r e s p ons e of B i CO S t o 1 collector op en w i t h o n e CO S l oad connectedto th e B i CO S o u t p u t . h e i n p u t ss h ow n i n t h i s gur e ar e t he i n p u t s appl i e d t o B i CO S . h e r e s p ons eo f t h e B i CO S w i t h 1 collector op en for 10ns s h ow s ow t o i g ht r a n s i t i o nd el ay ( 2 ) o f 0 . 5 9ns i n s t e a do f t h e n or m al ow t o i g ht r a n s i t i o nd el ay ( 1 ) of 0. 289ns . esp ons e of B i CO S w i t h C l o a ds h ow n i n i g u r e 10b exhi b i t s o w t o i g ht r a n s i t i o nd el ay ( 2 ) of 1. 449ns i n s t e a do f t h e n or m al ow t o i g ht r a n s i t i o nd el ay ( 1 ) of 0. 483ns . i g u r e1 0 cs h ow s t h e r e s p ons ew i t h i n p u t 4ns , w h ere th e f a u l t y o u t p u t e x h i b i t s l ar ger del ay f or t he l ow t o hi g ht r a n s i t i o n . h e f a u l t y l o w t oh i g ht r a n s i t i o nd el ay w as seen to b e 2 1. 449ns i n s t e a do f t h e n or m a l l o w t oh i g h t r a n s i t i o nd el ay of 1 0. 483ns . A na si so s i c a a iu rs i n i i cs I n t h i s s e c t i o n , t h e r e s p ons eo ft h e -B B i CO S s h ow n i ni g u r e 5 i s e v al uat ed f or har d f ai l ur e so f t h e b i p ol ar O St r a n s i s t o r sa n d t h e r e s u l t s ar e gi ven in abl e s 3 a n d 4 .
. --S t u ck -O f a u l t s i n S -B B i CO S gene r a l l yr e s u l t i n a f a u l t -f r ee l ogi c l evel, fau l t y l ogi c l evel or in d eterm i n at e l ogi c l evel.
ow ev er, in all th e cases, it resu l t s i n e n h anced I DDQ r a n s i s t o r 1 s t u ck -Of a u l tr e s u l t s i n a n e n h ancedI DDQ f o r i n p u t v ect or`01' . Si m i l a r l y , en h anced I DDQ i s o b s e r v e df o r t r a n s i s t o r 2 s t u ck -O f a u l t w i t h i n p u t v ect or`10' . S I C s i m u l a t i o n i n d i c a t e s t h e o u t p u t v ol t age t o be 1 . 8 6 , w h i ch i s l ogi c`0' l evel for -B B i CO S d ev ices.
S t u ck -O f a i l u r e so f t r a n s i s t o r s 3 and 4 r e s u l t i n e n h anced I DDQ f o r i n p u t v ectors 01 and 1 0 r e s p ectiv ely . h e f a u l t -f r e e a n d f a u l t y l ogi c l evels for 3 and 4 s t u ck -O f a i l u r e s ex h i b i t l ogi c`1' at t he o u t p u t . S i n ce th e f a u l t -f r e e a n d f a u l t y l o g i c l e v e l sa r et h e s a m e, cu r r e n t t e s t i n g a l o n e can detect th e f a i l u r e s . r a n s i s t o r s t u ck -O f a i l u r ed oes not caus ea n y a p p reciab l e e ect for ou t p u t ow t o i g ht r a n s i t i o n s . ow ev er, d u r i n g o u t p u t i g h t o o w t r a n s i t i o n s , w i t h i n p u t v ect or`11' , t h e o u t p u t n d s a l o w r e s i s t a n ce p at h t hr o u g ht r a n s i s t o r s 3 , 4 and . ue t o t h i s l o w r e s i s t a n ce p at h, t r a n s i s t o r 2 d oes not t ur nO and h en ce, i g h t o o w t r a n s i t i o ng e t s d elay ed. hi s d el ay i s dep en d en t u p on t he o u t p u t l oad. or C l oad, t h e i g h t o ow t r a n s i t i o n d el ay w as obs e r v edto b e 1. 45ns i n s t e a d o ft h e n or m al 0. 89ns . I tm ay be n ot ed t hat due t o t h el o w r e s i s t a n ce p at h t hr o u g ht r a n s i s t o r s 3 , 4 and , o u t p u t g o e s a l l t h e w ay t o gr ound i n s t ead of ( Q2) . r a n s i s t o r 1 and 1 s h o r t sr e s u l t i n e n h anced I DDQ and c a u s e saf a u l t y o u t p u t l ogi c abl e 3: B eh avi o r o f -B B i CO S w i t h S t u ck -Oand s h or t betw e e n t e r m i n al s f or a l l t r a n s i s t o r s .
n n n n n n n n a a n a a n n a n n n n n a n a n n n n n a a n n a a a n n n n a n a n a a n n n n n n n n n a a n n n n n n 3 a a n 3 a a a 3 a n a
n n n n a n n n n a a n n n n a a n n a n n 3 a 3 a a a n a a n n n n a a n n a a n n n n a a a a n n n n a a n n 3 a n a 3 a n a 3 a n n n n a a n n n n Q ( )
D D l e v e l 1 ' f o r i n p u t v ect or 11. r a n s i s t o r 2 and 2 a l s or e s u l t i n e n h ancedI DDQ and c a u s e s a f a u l t y o u t p u t l ogi c l eve l 0 ' f o r i n p u t v ect or s 00, 01 and 10. r a n s i s t o r 1 and 2 r e s u l t
i n d el ay f aul t s f o r ow t o i g ht r a n s i t i o na n d i g h t o o w t r a n s i t i o n s r e s p ectiv el y , a s t h e b as e t o em i t t e rj u n ction of th et r a n s i s t o r s d o n ot get f or w ar d bi a s e d a n d h en ce d o n ot get t u r n edO . h e owt o i g h t r a n s i t i o n d el ay obs e r v e d f o r 1 w i t h Cout p u t l oad i s 1. 98ns com p a r e dt ot h e f a u l t -f r e e d el ay of 1. 0 ns . h e i g h t o o w t r a n s i t i o nd el ay obs e r v ed for 2 w i t h C o u t p u t l oad i s 1. 4 ns c o m p a r e d t ot h e f a u l t -f r e e d el ay of 0. 89ns .
C u r r e n tt e s t i n g can be v erye ectiv ef o rt e s t i n g f a i l u r e sw h i c h r e s u l t i n e l e v at ed I DDQ f r o m a n or m al 0. 2 t oe n h anced 2m , a n i n crease b y a f a c t o r o f 10 4 . S i n c es t u ck -Of a i l u r e s 1 , 2 , 3 and 4 pr o v i d e s a m e l o g i c l e v el for fau l t y a s w ell as fau l t -f r e e o p er at i ons , cu r r e n tt e s t i n g a l o n e can detect th e f a i l u r e s . r a n s i s t o r 1 and 2 s t u ck -O as w ell as 1 , 1 , 2 , a n d 2 f a i l u r e se x h i b i t d i s s i m i l a r o u t p u t su n d er fau l t y a n d f a u l t -f r e e c o n d i t i o n s , con v en t i o n al l ogi c t es t i ng can detect th e f a i l u r e . ow ev er, cu r r e n tt e s t i n g w oul d d etect th i s f a i l u r em ode. r a n s i s t o r 1 2 
b as e t o em i t t e rs h o r t sm ani f e s t a s ow t o i g h a n d i g h t o o w t r a n s i t i o nd elay s r e s p ectiv elyan d h en ce d el ay t es t al one w oul
D D
1 . i t h C l oad and i n p u t p u l s e w i d t h of 4ns , t h e o u t p u t l ogi c l evel does not f al l belowth e l ogi c t hr e s h ol d as s how n i ni g u r e 12c. en ce, th e f a u l t a p p e a r sa ss t u ck -at -1 f or l ogi c t es t i ng pur p os es .
--S t u ck -O f a u l t s i n -B B i CO S r e s u l t i n e i t h er se u en t i al beh avi o r o r d elay f a u l t s . w o f a u l t s i n t h e -B B i CO S ex h i b i t s e u en t i al beh avi o r ( n ) , s i m i l a r t o t h e b eh avi o r s e e n i n CO S c i r c u i t s . r e s e n ce of th e f a u l t 1 s t u ck -O w oul dr e s u l t i n f a u l t -f r e e b eh avi or f or al l i nput v e c t o r se x cep t f o r i n p u t v ect or`10' w hi c h c a u s e st h e p r e v i o u s s t a t et ob e r et ai ne dr e s u l t i n g i n s e u en t i al beh avi o r . S i m i l a r s e u en t i al beh avi o r i s o b s e r v ed f o r 2 s t u ck -o p en w i t h i n p u t v ect or`01' . w o p a t t e r nt e s t s c a nb e a p p l i e d t o d etect th ese s t u ck -o p e n f a i l u r e s . S u m m ar y of t he b eh avi o r o f -B B i CO S w i t h S t u ck -O f a u l t s f or al l t r ans i s t o r si sg i v enin abl e 4 . S -O f a i l u r e so ft r a n s i s t o r s 1 and 2 ex h i b i t u n iu e d el ay f aul t s , as obs e r v edinS -B B i CO S . r s t gl ance w oul d l e a d o n e t o e x p ect th at w i t h i n p u t v e c t o r s1 1 ' , t h e out p u t p ar as i t i c capaci t ance w oul d b e d i s c h ar ged by t u r n i n g O o f t r a n s i s t o r s 3 , 4 and

. ow ev er, d u e t o t h e O f a u l t o f 1 or under con s i d er at i on, t h e v ect or s 00, 01 or 10 w oul d c h ar ge up t h e p ar as i t i c capaci t or s at t he b as e as w ell as th e e m i t t e rn odes of th e b i p ol ar t r a n s i s t o r 1 . i t h t h e a p p l i c a t i o n o f i n p u t v ect or 11, t he s e r i e s p at h of 3 and 4 w i l l b e t u r n ed O b u t t h e s e r i e s p at h of 1 and w i l l n ot be t u r n ed O d u e t o t h e f a u l t . h i s w i l l c a u s et r a n s i s t o r 1 t or e m ai n O f o r s o m etim e b ecau s eo f t h e c h a r g es t o r e da tt h e b as e of t he b i p ol ar t r ans i s t o r 1 . r a n s i s t o r 1 w oul d b e d i s c h ar ged s l ow l y t h r o u gh 3 , 4 and pat h al one c a u s i n g d elay in th e o u t p u t r e s p ons e . h e s l o w t o f a l l d el ay f aul t i s s h ow n i n i g u r e 11a, b c. h i s t y p e o f f a u l t h as beenob s e r v e d i n [ 9 ] . i g u r es 11a b s h ow t he r e s p ons e of t he -B B i CO S t o 1 f a i l u r ew i t h o n e C O S o u t p u t l oad and i n p u t p u l s e w i d t h of 10ns a n d 4 n s r e s p ectiv ely . i g u r e1 1 as h ow s t h e r e s p ons eo f t h e B i CO S t o 1 w i t h o n l y o n e C O S c o n n ected to th e B i CO S o u t p u t . h e i n p u t ss h ow n i n t h i s gur e ar e t he i n p u t sa p p l i e d t o t h e B i CO S and t h e i n p u t p u l s e w i d t h( )
B i p ol ar t r ans i s t o r 1 em i t t e ra n d b as e ope n f a u l t s m ani f e s ta ss t u ck -a t -0 a f t e r i n i t i a l i z a t i o n
( s h ow n a s i n abl e 4) . I tc a n b e seen th at w i t h e i t h er of th e a b ove f a u l t s , o u t p u t c a n n ot go t o l ogi c`1' ( ot her th an dur i n g p ow er u p ) a s n o p at h exi s t s b etw een ou t p u t a n d DD .
i t h B i p ol ar t r ans i s t o r 1 collector op en , t h e o u t p u t e x h i b i t s ow t o i g ht r a n s i t i o nd elay
( 01 ) a s s h ow n i ni g u r es 13a, b c. i g u r e1 3 as h ow s t h e r e s p ons e of B i CO S t o 1 collector op en w i t h o n e C O S l oad connected to th e B i CO S o u t p u t a n d w i t h i n p u t p u l s e w i d t h of 10ns s h ow s ow t o i g ht r a n s i t i o n( 2 ) d el ay of 1. 08ns i n s t e a do f t h e n or m al o w t o i g ht r a n s i s t i o n( 1 ) of 0. 823ns .
esp ons ew i t h t h e s a m e o n e C O S l oad and w i t h i n p u t p u l s e w i d t h( ) o f 4 n s e x h i b i t s o w t o i g ht r a n s i t i o nd el ay (
2 ) of 1. 105ns i n s t e a d of t he n or m al pr o p agat i on del ay ( 1 ) o f 0 . 2ns a s s h ow n i ni g u r e 13b. i g u r e1 3 cs h ow s t h e r e s p ons eo f t h e B i CO S w i t h i n p u t 4ns a n d C l oad w here th e f a u l t y o u t p u t ex h i b i t s a l a r g e r d e l a y f o r t h e owt o i g h t r a n s i t i o n . h e f a u l t yowt o i g h t r a n s i t i o n d elay is seen to b e 2 2. 3ns i n s t e a do f t h e n or m al o w t o i g ht r a n s i t i o nd el ay of 1 0. 91ns .
B i p ol ar t r ans i s t o r 2 em i t t e r ,b as e collector op en fau l t s m ani f e s t a s i g h t o ow delay
f a u l t s . esp ons eo f -B B i CO S b as e and e m i t t e ro p en s a r es h ow n i n i g u r e s 13a, b c. i t h o n e C O S l oad and i n p u t of 10ns s h ow s a d el ay ( 2 ) 
a n s i s t o r 2 em i t t e ro p en w i t h i n p u t of 4ns e x h i b i t ss t u ck -a t -1 b eh avi o r s i n ce b ef or e t he i n p u t can m akeat r a n s i t i o nt oo u t p u t l o w , t h e i n p u t u n d ergoes t r a n s i t i o nt oo p p os i t e l ogi c l evel. I f t h e i n p u t p u l s e w i d t h( ) i s m ade w i d er, th e o u t p u t w oul d g ot ot h e o t h er sid e o f t h e l ogi c t hr e s h ol d. r a n s i s t o r s e r v es th e p u r p os e of di s c h ar gi ng t h e b as e of 2 ui c k l yt os p eed u p t h e out p u t ow t o i g ht r a n s i t i o n[ 2 0 ] . S t u ck -O f a i l u r eo f t r a n s i s t o r can b e e x p ected to r e s u l t i n d elay ed o w t o i g ht r a n s i t i o n . h ere is an in t e r e s t i n g o b s e r v at i on dur i n g o u t p u t i g h t o o w t r a n s i t i o nw h i c h n eed s m en t i o n i n g. ur i n g o u t p u t i g h t o o w t r a n s i t i o na n d w i t hs t u ck -O , i t i s o b s e r v ed
t h at t he o u t p u t t r a n s i t i o ns p eed s u p a n d c a u s e s e n h anced d y n am i c c u r r e n t ( I DD ) a s s h ow n i n i g u r e 14. hi s c a n b e e x p l a i n e d a s f o l l o w s . n d er n or m al operation w i t h f a u lt-free, any o f t h e i n p u t v ect or s 00, 01 or 10 caus i n g o u t p u t h i g h ( 1 ) , t u r n s O t r a n s i s t o r , t h ereb y b as e of 2 r e m ai ns d i s c h ar ged, k eep i n gt r a n s i s t o r 2 O . i t ht r a n s i s t o r s t u ck -O , any o f t h e i n p u t v ect or s 00, 01 or 10 caus i n g o u t p u t h i g h ( 1 ) , w i l l n ot be a b l et ot u r nO t r a n s i s t o r and d i s c h ar ge bas e of 2 . hi s c a u s e s s o m e b as e bi a s t o e x i s t a t t h e b as e of t r a n s i s t o r 2 . h e b as e bi a s e x i s t i n g a t t h e b as e of 2 m ay be s u cien t e n oug ht ot u r nO t h e d ev i c e p a r t i a l l y . S i n ce th e i n p u t v ect or s 00, 01 or 10 ar e i nt e n d e d t ot u r nO t r a n s i s t o r 1 t op r o v i d e o u t p u t i g h , w i t h 2 al s o pa r t i a l l y O, e n h anced d y n am i c I DD i s o b s e r v ed . I t m ay be n ot ed t hat gi ven su cien t t i m e t h e c u r r e n t m ay decay to ero. en ce, th i s p r o b abl y can n ot be t e r m ed as en h anced I DDQ f a u l t a n d s o t h i s i s b ein g t e r m ed as en h anced d y n am i c I DD f a u l t . I DDQ t e s t i n g m a y d etect th i s f a u l t a s t h e e n h anced d y n am i c I DD cu r r e n t i s a b out 2 o r d ers of m agni t u d eg r e a t e rt h an f aul t -f r e e c u r r e n t , j u s ta f t e rt h e i n i t i a l t r a n s i e n t . u e t o t h e e x i s t e n c eo f r e s i d u al bas e bi a so nt r a n s i s t o r 2 , w i t h i n p u t v e c t o r1 1 , t u r n st r a n s i s t o r 2 O f a s t e rt h an f aul t -f r e e w h ere n o r e s i d u al bas e bi a s e x i s t s . en ce, th e s p eed u p f or out p u t i g h t o o w t r a n s i t i o n . h e f a u l t -f r e e o u t p u t i g h t o o w t r a n s i t i o nd el ay i s obs e r v ed to b e 0. 90ns a n d w i t ht r a n s i s t o r s t u ck -O 0. 43ns , r e s u l t i n g i n 0 . 4 n s e a r l yt r a n s i t i o nt h an s i c a a iu rs i ni a n i cs
I n t h i s s e c t i o n , t h e r e s p ons e of Si n gl e and oubl e B B i CO S O , C O S and
O as w ell as and O ar e eval ua t e d f o r h ar d f ai l ur e so ft h e O S a n d B i p ol ar t r a n s i s t o r s .
. I nt h i s s u b section , t h e r e s p ons e o f t h e S i n gl e and oubl e B B i CO S O gat es ar e ev al uat ed f or har d f ai l ur e so f t h e O S a n d B i p ol ar t r ans i s t o r s .
o s s i b l e f a i l u r e sc o n s i d ered are stu ck -O ands t u ck -O o f t r a n s i s t o r s . h e o u t p u t o f t h e B i CO S Ogat e i s obt a i n ed b y s i m u l a t i n g o n e f a i l u r ea tat i m e f or al l po s s i b l es t u ck -O ands t u ck -O f a i l u r e sf o ra l l t r a n s i s t o r s . S t u ck -O ands t u ck -O w ere sim u l a t e d b y t u r n i n g O and t u r n i n g O t h e r e s p ectiv et r a n s i s t o r s . O p en(O )i n t r a n s i s t o rt e r m i n al s w ere sim u l a t e d b y c o n n ectin g a r e s i s t a n ce of 1 i ns e r i e sw i t h t h e r e s p ectiv e n ode a n d s h or t ( S ) w ere sim u l a t e d b y c o n n ectin g a h ar d s hor t of 0. 01 betw een th e r e s p ectiv e t e r m i n al s .
he r e s p ons e of S-B B i CO S Os h ow n i ni g u r e1 5f o rs t u ck -Oi n t r a n s i s t o r sa n d s h o r t s( S ) b etw een term i n al s i s gi venin abl e 5 h e r e s p ons e of S-B B i CO S Os h ow n i n i g u r e1 5f o rs t u ck -O i nt r a n s i s t o r s and b etw e e n t e r m i n al s i s gi venin abl e 6 h e r e s p ons eo f -B B i CO S Os h ow n i ni g u r e1 6f o rs t u ck -Oi n t r a n s i s t o r sa n d s h o r t s( S ) b etw een term i n al s i s gi venin abl e abl e 5: B eh avi o r o f S -B B i CO S Ow i t h S t u ck -Oand S h or t f aul t s b etw e e n t e r m i n al s f o ra l l t r a n s i s t o r s . 
S in gle B JTB iC M O SN O R S t u c k -O N a n dS h o r t r e
i CO S Ow i t h S t u ck -O and s h or t betw een term i n al s f or
a l l t r a n s i s t o r s .
3 a 3 a n a a n a a n n a a n n n a n n n n n a a n n 3 a a n n n a n a n n a n n n n a a n n n a 3 a n n n n n n n n n n n n n n a n a a n a
n n a n 3 a a n 3 a a a a n n n n a a n n 3 a n a n n a 3 a n n n n a a n n n n n n n a 3 a n n n n n n n a a n n n n n n n n n n a a n n n n a a n n n n Q ( ) ands t u ck -O f a i l u r e sf o r a l l t r a n s i s t o r s . S t u ck -O ands t u ck -O w ere sim u l a t e d b y t u r n i n g O and t u r n i n g O t h e r e s p ectiv et r a n s i s t o r s . O p en (O ) i nt r a n s i s t o r t e r m i n al s ( s o u r ce, gat e dr a i n ) w ere sim u l a t e d b y c o n n ectin g a r e s i s t a n ce of 1 i ns e r i e s w i t h t h e r e s p ectiv e n ode a n d s h or t ( S ) w ere sim u l a t e d b y c o n n ectin g a h ar d s hor t of 0. 01 betw een the r e s p ectiv e t e r m i n al s .
he r e s p ons e of C O S s h ow n i n i g u r e1 f o rs t u ck -O i nt r a n s i s t o r sa n d s h o r t s ( S ) b etw e e n t e r m i n al s i s gi venin abl e 9 .
h e r e s p ons e of C O S s h ow n i n i g u r e1 f o r s t u ck -O i nt r a n s i s t o r s a n d b etw een term i n al s i s gi venin abl e 10.
he r e s p ons e of C O S O s h ow n i n i g u r e1 8f o r s t u ck -O i nt r a n s i s t o r s a n d s h o r t s ( S ) b etw e e n t e r m i n al s i s gi venin abl e 11.
he r e s p ons e of C O S O s h ow n i n i g u r e1 8f o rs t u ck -O i nt r a n s i s t o r s a n d b et w e e n t e r m i n al s i s gi venin abl e 12.
i g u r e1 :
C O S at e. abl e 9: B eh avi o r o f CO S w i t h S t u ck -Oand S h or t f aul t s b etw eenterm i n al s f or al l t r a n s i s t o r s .
n n n n n a a n a a n n a n n n n n n n a n a a n n n n n a a a a n n n n n a n n n a a n n n n n a a n a a n n n a a n a a a a n a a n Q
( 1 2 
abl e 11: B eh avi o r o f CO S Ow i t h S t u ck -Oand S h or t f aul t s b etw e e n t e r m i n al s f or al l t r a n s i s t o r s .
n n n a a a a n a a n n a a n a a n n a n n a a n n a a n n n a a n n a n n n n a a n n n a 3 a n n n n n n n n n n n n n a n a a n a a n Q
( 1 2 f a i l u r e sf o ra l l t r a n s i s t o r s . O p en (O )i n t r a n s i s t o rt e r m i n al s ( em i t t e r ,b as e collector) w ere s i m u l a t e d b y c o n n ectin gar e s i s t a n ce of 1 i ns e r i e sw i t h t h e r e s p ectiv e n ode a n d s h or t ( S ) w ere sim u l a t e d b y c o n n ectin g a h ar d s hor t of 0. 01 betw eenth e r e s p ectiv e t e r m i n al s .
he r e s p ons e o f s h ow n i n i g u r e 19 f or s ho r t s ( S ) b etw e e nt e r m i n al s of t r a n s i s t o r si sg i v en in abl e 13.
he r e s p ons eo f s h ow n i n i g u r e1 9f o rO b etw eenterm i n a l so ft r a n s i s t o r s i s gi venin abl e 14.
he r e s p ons e o f O s h ow n i n i g u r e 20 f or s ho r t s ( S ) b etw e e nt e r m i n al s of t r a n s i s t o r si sg i v en in abl e 15.
he r e s p ons eo f O s h ow n i ni g u r e2 0f o rO b etw eenterm i n a l so f t r a n s i s t o r s eith er as l ogi c t es t abl e o r c u r r e n tt e s t a b l e f a u l t s . 2 5 of t he f a u l t s i n CO S d ev ices m ani f e s t a s s t u ck -a t a n d 2 5as s e uen t i al beh avi o r .O u t o f t h e 5 0 of t he f a u l t s i n CO S and O w hi c h m ani f e s t a s c u r r e n tt e s t a b l e f a u l t s , 4 3 . 5 i n CO S and 34. 38 i n CO S Oar e l ogi c t es t abl e . ow ev er, 6 and 1 6 of t he c u r r e n tt e s t a b l e f a u l t s i n CO S and O dev ices are n ot l ogi c t es t abl e , w h i c h m ean s t h at onl y I DDQ t e s t i n g w oul d
d etect th e f a u l t s i n a d e n i t e w ay. bout 2 6 of t he f a u l t s i n s i n gl e and d oubl e B as w ell as O d ev ices m ani f e s t a s c u r r e n tt e s t a b l e f a u l t s , o u t o f w h i c h a l m os t 11 t o 1 of t he f a u l t s a r e n ot l ogi c t es t abl e a n d h en ce, for th ese fau l t s , o n l y I DDQ m oni t o r i n g w oul d e n s u r e d etection . or -B B i CO S d ev ices, tran s i s t o r open fau l t m ani f e s t i n g a s e n h anced d y n am i c I DD cu r r e n t i s n ot i nclu d ed as cu r r e n tt e s t a b l e f a u l t i n abl e s1
18. ow ever, t h e e n h ancedd y n am i c I DD cu r r e n t can be d etectedu s i n gI DDQ m oni t o r i n g tech n i u es . -B d ev ices m ani f e s t e i t h er as cu r r e n tt e s t a b l e f a u l t or as de l a y t e s t a b l e f a u l t . h i s m akes I DDQ t e s t i n g a s w ell as d e l a y t e s t i n g m eth odol ogi es i m po r t a n t f or B i CO S d ev ices. C u r r e n t m oni t o r i n g tech n i u es [23 , 2 4 , 1 0 ] can be u s e dt od etect su ch fau l t s . s c h em e f o r c u r r e n t m oni t o r i n g ( I DDQ ) f or B i CO S d ev ices is p r e s e n t e di n[ 2 5
] .I n a d d i t i o n t o c u r r e n tt e s t a b l e f a u l t s , B i CO S d ev ices ex h i b i t d e l a yt e s t a b l e f a u l t s t o o . en ce, th es t r a t e g yf o r B i CO S d ev ices are m u ch m or e com pl i c a t e d t h an C O S a n d d ev ices. e s t a b i l i t y a n dt e s t i n g i s s u es in B i CO S a r e a d d r e s s e di n t h e n ex t section .
stabi i t o i i cs
I n S -B and -B B i CO S d ev ices, ap ar t f r oms e uen t i al beh avi o r , c u r r e n tt e s t a b l e a s w ell as d e l a y t e s t a b l e f a u l t s a r e p r e s e n t .
S t u ck -Of a u l t s i n B i CO S d ev i c e sr e s u l t i n e i t h er sam e l ogi c l evel as f aul t -f r e e o r d ieren t l ogi c l evel from t h at of f ault-free. Inall cases, en h ancedI DDQ r e s u l t s d u e t o a d irect p at h f r om DD t o ( n d ) .
en ce, cu r r e n tt e s t i n g ( I DDQ m oni t o r i n g) tech n i u es can b e i m p l e m ent e d t od etect su c h f a i l u r e s . h en th e l o g i c l e v el u n d er fau l t y c o n d i t i o n s a r e d i eren t f r o m t h at of f a u lt-free, logic m oni t o r i n g a s w ell as cu r r e n tt e s t i n g w i l l d etect th e f a u l t . ow ev er, w hen th e l ogi c l evel under fau l t y c o n d i t i o n s i s t h e s a m e a s f a u lt-free, cu r r e n tt e s t i n g a l o n e can detect t h e f a u l t .
S t u ck -O f a u l t s i n B i CO S d ev ices can ex h i b i t s e u en t i al beh avi o r o r d el ay f aul t [ 9 , 10, 11 , 2 5 ] . etectionof su chse u en t i al beh avi o r d u e t o s -O f a u l t s i n CO S r e u i r e s t w o pa t t e r n t e s t si n s t ead of a s i ngl e pa t t e r n [ 6abl e 19: Sum m ar y of i nput v ectors n eed ed u n d er n or m al and t e s t c o n d i t i o n s .
p O S t r a n s i s t o r . h e 1 x w i l l t u r n t h e n -p a r t s ( 1 ) ( 2 )O cau s i n g p u l l u p p -p a r t , b i p ol ar t r a n s i s t o ra n d p u l l d ow n n 1 , n 2 ( 1 , 2 ) . I f a ns -O f a u l t i s p r e s e n t i n t h e p -p a r t , i tw i l l cau s eah i g h r e s i s t a n ce p at h betw een th e b as e of t he b i p ol ar t r ans i s t o r a n d DD .
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